accompanied by a significantly larger muscle elongation but not tendon elongation. Elevated 36 dorsiflexion range of motion was maintained until 30 min after the local vibration stretching 37 while it returned to baseline level (pre-intervention) in 15 min after the static stretching.
Introduction

43
Modalities to improve flexibility (joint range of motion) are roughly divided into static functions. This can be due to a retained neural drive and/or a negligible change in MTU 54 stiffness after DS [10, 11] .
55
Previous animal [12] as well as human [13] studies showed a decrease in MTU or muscle 56 stiffness that underwent cyclic stretch-shortening cycles passively. There is a possibility that 57 such a modality leads to further improvement of flexibility than DS, while posing no negative 58 effect on muscle functions unlike SS. Performing DS passively and cyclically with a small 59 range of joint angle (5° for instance), can be such a modality. When this maneuver is 60 performed at a relatively high frequency, it can be regarded as "vibration". Vibration stimuli 61 to the body or muscles provide a positive effect on muscle functions, e.g., muscle force 62 enhancement [14, 15, 16] , and also improves flexibility [14, 17] . Thus, a modality that 63 conditions the MTU by SS combined with dynamic length changes by vibration will be 64 effective in improving muscle stiffness while retaining muscle functions. To the best of our 65 knowledge, no study has ever tried such a stretching maneuver.
66
In the present study we developed a novel stretching technique which employs the feature 67 of DS (in the form of vibration) added onto SS, for the purpose to take advantages of both SS 68 and DS. We named this technique as "local vibration stretching (LVS)". Attempts to apply 69 vibration stimuli to the target muscles undergoing static stretching have been performed 70 [18, 19] . In those studies, vibration stimuli were applied using a vibrator on the muscle belly
71
[18] or a whole-body vibration device [19] . The vibration amplitude was very small in those The altered flexibility is reported to persist for 10 -30 min [2,10]. after static stretching,
78
and at least 10 min after the DS [11] , and at least 15 min after the vibration stimulus [17] .
79
Combination of these interventions may further elongate their after-effects, but this idea has 80 not been tested.
81
In the present study, we conducted the experiment on the MTU of the lower leg for the 82 purpose of verifying the effects of LVS on muscle strength, flexibility, and persistence of 83 altered flexibility. It was hypothesized that LVS does not decrease muscle strength while 84 improving and maintaining flexibility similarly to static stretching. 
Materials and methods
87
Participants
88
The participants were 10 recreationally active males without apparent neurological, 
Study Design
97
The present study was aimed to clarify the effects of LVS on muscle strength, flexibility, video was synchronized with other data using a synchronizer (PH-100, DKH, Japan). The 136 measurement was repeated twice, and the higher value was adopted. DFROM was measured The difference between the change in MTU length and muscle elongation was defined as were examined for statistical differences using one-way repeated measures ANOVA. 4.3 ± 3.5%) was significantly different from that in control (0.0 ± 2.9%), whereas no 207 significant difference was observed between LVS (-1.6 ± 3.9%) and control. The main effect for time was observed in DFROM, and it significantly increased both in
213
SS and LVS but not in control (Fig 4) . The relative change of DFROM after intervention in 214 LVS (11.2 ± 14.6%) was significantly higher than that in control (-0.7 ± 4.0%), whereas no 10 215 significant difference was observed between LVS and SS (7.2 ± 8.1%), and between SS and 216 control. The interaction was observed between conditions and time in muscle elongation, and it 222 significantly increased both in SS and LVS, whereas no change was observed in control (Fig   223   5 ). The relative change of muscle elongation after intervention in LVS (8.5 ± 10.2%) was 224 significantly higher than that in control (-0.8 ± 3.2%), whereas no significant difference was 225 observed between LVS and SS (5.8 ± 6.2%), and between SS and control. As for the tendon 226 elongation, the main effect for time was not significant, and no change in any conditions was 227 observed (Fig 6) . The main effect for time was observed in the change of DFROM relative to the pre-237 intervention value: in SS, it was significantly smaller at POST15, POST30 and POST60
238
compared with POST while in LVS, it was significantly smaller at POST60 compared with
239
POST, POST15 and POST30 (Table 1) . 
Discussion
248
This study revealed the following effects of LVS that muscle strength was not 249 compromised unlike SS, while DFROM was improved to a similar extent to SS. In addition,
250
it was shown that the enhanced DFROM by LVS persisted longer than SS.
251
Previous studies reported muscle functions (e.g. muscle strength and power) declined after studies are required to clarify this mechanism, the present study indicated that LVS enhanced 294 DFROM and it persisted longer than SS.
295
In the present study, muscle activities were not measured; hence the extent of 
